Magnetic, linear thermal expansion (LTE), anisotropic (λ t ) and volume (ω) magnetostriction properties of Pr 0.5 Sr 0.5 MnO 3 were investigated. The LTE decreases smoothly from 300 K without a clear anomaly either around the Curie (T C = 270 K) or the Neel temperature (T N = 100 K) and it exhibits hysteresis over a wide temperature range (60 K-270 K) upon warming.
from the d x 2 −y 2 orbital ordered orthorhombic (antiferromagnetic ) to orbital disordered tetragonal (ferromagnetic) phase. The anisotropic magnetostriction is suggested due to preferential orientation of ferromagnetic (tetragonal) domains along the field direction. Our study also suggest that nano domains of the low temperature antiferromagnetic phase possibly exist in the temperature region T N <T <T C . 
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II. EXPERIMENT
The polycrystalline Pr 0.5 Sr 0.5 MnO 3 (here after PrSr) sample was earlier characterized by X-ray diffraction zero field resistivity measurements 9 and also by neutron diffraction at room temperature 10 . We carried out magnetization M, Linear thermal expansion (∆L/L) and magnetostriction on the previously characterized sample. The temperature dependence of M at µ 0 H = 1mT was measured using a Quantum Design SQUID magnetometer at Laboratoire CRISMAT, Caen. We measured isothermal magnetization up to 12 T using a vibrating sample magnetometer. The linear thermal expansion ∆L/L by the strain gauge method in absence of a magnetic field was measured in 300 K-10 K range. The value of ∆L/L at 300 K was taken as the reference point. Magnetostriction isotherms was measured using a pulsed field up toµ 0 H = 14 T with the magnetic field parallel and perpendicular to the measuring direction. From measured parallel (λ ) and perpendicular (λ ⊥ ) magnetostrictions we calculated volume (ω) and anisotropic (λ t ) magnetostriction isotherms for randomly oriented polycrystallites using the relations ω = λ +2λ ⊥ and λ t =λ -λ ⊥ . The field dependence of the magnetostriction at selected temperatures were done after zero field cooling the sample from 300 K to a desired temperature.
III. RESULTS The sample air quenched to room temperature from 1673 K was orthorhombic (Imma) and underwent ferromagnetic-antiferromagnetic transition whereas the water quenched sample was rhombohedral (R3c)) and did not show antiferromagnetic transition. Both the samples were found to be stochiometric and the differences in magnetic properties were suggested to disorder effect in A-site 16 . Our sample was furnace cooled (5 K/min) from 1573 K to room temperature and was found to be orthorhombic 9, 10 . Recent theoretical model predict that strength of disorder at A-site cations can control the size of two coexisting phases 17 . 2 ). The metamagnetic like behavior in magnetostriction is present until 100 K and as T increases from 25 K the metamagnetic like transition occurs at lower fields which is in agreement with M(H) behavior (Fig. 2) .
At 125 K, 150 K and 175 K, λ increases rapidly at very low fields ( µ 0 H C <0.5 T) due to ferromagnetic domain wall motion. However, λ increases without saturation up to the maximum field. We do not see ferromagnetic contribution to the magnetostriction below the
Neel temperature although such a behavior is shown in M(H) (see Fig. 2 ). This is possibly due to a smaller fraction of the ferromagnetic phase which is distributed randomly in the antiferromagnetic matrix. Fig. 3(b) and Fig. 3(d) show the perpendicular magnetostriction (λ ⊥ ) isotherms.. As like λ , λ ⊥ undergoes a rapid change during the metamagnetic transition but the sign is opposite to λ ⊥ . An important difference is that the magnitude of the maximum magnetostriction value is lower in the perpendicular case (λ ⊥ = 600 x 10 −6 , λ = 900 x 10 −6 at 14.2 T and T = 25 K) and the hysteresis, in particular the irreversibility at the origin is much larger in the perpendicular magnetostriction isotherms .. For example, λ ⊥ = -200 x 10 −6 and λ = 50 x 10 −6 at 0 T after the field is reduced from the highest value. The irreversibility vanishes above the Neel temperature (see 125 K data in Fig. 2(b) and Fig. 2(d) ). . It is indeed surprising that since this is the first time such a huge value anisotropic magnetostriction is found in manganites. In all the earlier studies on a number of manganites 6 , the anisotropic magnetostriction was found to be negligible (λ t <60 x 10 −6 ) and the dominant change occurred in volume. What is also surprising is that the anisotropic magnetostriction even in between T N and T C (see 125 K, 150 K, and 175 K data) is at least a factor of 3-5 times larger than what is found in the ferromagnetic manganite La 0.7 Ca 0.3 MnO 3 in the same temperature range. 18 The λ t below perpendicular and parallel magnetostriction isotherms in Fig. 3 . In Pr 0.46 Sr 0.54 MnO 3 , the maximum λ t was less than 250 x 10 −6 at 14.2 T 13 . The volume magnetostriction (ω) shows a complex behavior as a function of field. The value of ω at T = 25 K is negligible in the antiferromagnetic state and shows a sudden decrease during the metamagnetic transition.
At T = 25 K, ω reaches -250 x10 −6 at the maximum field which is about six times lower than the value λ t at the corresponding field. When the field is decreases from the maximum value ω decreases to reach still a lower value -600 x 10 −6 at 1.5 T and then increases again for further decrease in H. At the origin, ω is much lower (-500 x 10 6 ) with respect to the starting value. There is not much a big change in ω value between 25 K and 100 K but ω becomes positive above 125 K as can be clearly seen in Fig is expected. However, the orientation and perhaps shape of the crystallographic (I4/mcm) domains just above H C depend on the direction of the applied field. When the measuring direction is parallel to the applied magnetic field, I4/mcm domains are favorably oriented in the field direction and hence the parallel magnetostriction is positive and its value is larger.
If we consider columns of I4/mcm domains aligned in the field direction, the sign of the perpendicular magnetostriction indicates that the columns contract in the lateral direction.
Hence, the anisotropic magnetostriction which is the difference between the parallel and perpendicular magnetostrictions is of different origin from the conventional spin-orbit coupling.
When the field is reduced from the high value, some of the I4/mcm domains do not revert back to Fmmm structure which causes the irreversibility at the origin. The rapid decrease 
